The Code O-SUKI is an integrated 2-dimensional (2D) simulation program system for a fuel implosion, ignition and burning of a direct-drive nuclear-fusion pellet in heavy ion beam (HIB) inertial confinement fusion (HIF). The Code O-SUKI consists of the four programs of the HIB illumination and energy deposition program of OK3 (Comput. Phys. Commun. 181, 1332Commun. 181, (2010), a Lagrangian fluid implosion program, a data conversion program, and an Euler fluid implosion, ignition and burning program. The OK3 computes the multi-HIBs irradiation onto a spherical fuel target. One HIB is divided into many beamlets in OK3. Each heavy ion beamlet deposits its energy along the trajectory in a deposition layer depending on the particle energy. The OK3 also has a function of a wobbling motion of the HIB axis oscillation, and the HIBs energy deposition spatial detail profile is obtained inside the energy absorber of the fuel target. The spherical target implosion 2D behavior is computed by the 2D Lagrangian fluid code coupled with OK3, until just before the void closure time of the fuel implosion. After that, all the data by the Lagrangian implosion code are converted to them for the Eulerian code. The fusion Deuterium (D)-Tritium (T) fuel and the inward moving heavy tamping material are imploded and deformed seriously at the stagnation phase. The Euler fluid code is appropriate to simulate the fusion fuel compression, ignition and burning. The Code O-SUKI 2D simulation system provides a capability to compute and to study the HIF target implosion dynamics. The nuclear fusion energy would provide one of energy resources for our human society. In this paper we focus on heavy ion beam (HIB) inertial confinement fusion (HIF). A spherical deuterium (D) -tritium (T) fuel pellet, whose radius may be about several mm, is irradiated by HIBs to be compressed to about a thousand times of the solid density. The DT fuel temperature reaches ∼5-10KeV to be ignited to release the DT fusion energy. The typical HIBs total input energy is several MJ, and the HIBs pulse length is about a few tens of ns. The DT fuel compression uniformity is essentially important to release the sufficient fusion energy output. The DT fuel pellet implosion non-uniformity should be kept less than a few %. The O-SUKI code system provides an integrated tool to simulate the HIF DT fuel pellet implosion, ignition and burning. The HIBs energy deposition detail profile is computed by the OK3 code (Comput. Phys. Commun. 181, 1332Commun. 181, (2010) in an energy absorber outer layer, which covers the DT fuel spherical shell. The DT fuel is compressed to the high density, and so the DT fuel spatial deformation may be serious at the DT fuel stagnation. Therefore, the O-SUKI system employs a Lagrangian fluid code first to simulate the DT fuel implosion phase until just before the stagnation. Then all the simulation data from the Lagrangian code are converted to them for the Euler fluid code, in which the DT fuel ignition and burning are simulated. Solution method: In the two fluids codes (Lagrangian and Euler fluid codes) in the O-SUKI system the three-temperature fluid model (J. Appl. Phys. 60, 898 (1986)) is employed to simulate the pellet dynamics in HIF. The HIBs energy deposition detail profile is computed by the OK3 code (Comput. Phys. Commun. 181, 1332Commun. 181, (2010 
Introduction
In inertial confinement fusion (ICF) a deuterium (D) -tritium (T) fuel target implosion, ignition and burning are essentially important to release a sufficient fusion energy output. In the nuclear fusion two nuclei of D and T are fused once. The DT fusion reaction creates He and neutron, and releases the energy of the mass defect as their kinetic energy in the DT reaction. In ICF a few mg DT in a fuel pellet is first heated up to ∼5-10KeV by an input driver energy, for example, lasers or heavy ion beams (HIBs) or pulse power [1] . Especially, the solid DT fuel density must be compressed to about a thousand times of the solid density to reduce the input energy and also to realize controlled fusion reactions. In addition, the ion temperature of the compressed DT must reach ∼5-10 KeV. In order to compress the DT fuel stably to the high density, the implosion non-uniformity should be less than a few percent [2] The central issues of the fuel implosion in ICF includes how to realize the uniform implosion, how we can control the driver beam energy deposition to compress the DT fuel to the high density, and consequently how to keep the implosion stable during the fuel implosion. The O-SUKI code system provides an integrated computer simulation tool to study the DT fuel implosion, ignition and burning in heavy ion inertial confinement fusion (HIF).
The heavy ion beam (HIB) fusion has been proposed in 1970s. The recent HIF activities and reviews are found in Refs. [3, 4] . The HIF reactor designs were also proposed [5, 6, 7] . HIB ions deposit their energy inside of materials, and the interaction of the HIB ions with the materials are well understood [8, 9] . The HIB ion interaction with a material is explained and defined well by the classical Coulomb collision and a plasma wave excitation in the material plasma. The HIB ions deposit all the HIB ion energy inside of the material. The HIB energy deposition length is typically the order of ∼mm in an HIF fuel target depending on the HIB ion energy and the material. When several MJ of the HIB energy is deposited in the material in an inertial confinement fusion (ICF) fuel target, the temperature of the energy deposition layer plasma becomes about 300 eV or so. The peak temperature or the peak plasma pressure appears near the HIB ion stopping area by the Bragg peak effect, which comes from the nature of the Coulomb collision. The total stopping range would be normally wide and the order of ∼mm inside of the material. An indirect drive target was also proposed in Ref. [10] .
In ICF, a driver efficiency and its repetitive operation with several Hz ∼ 20 Hz or so are essentially important to constitute an ICF reactor system. HIB driver accelerators have a high driver energy efficiency of ∼30-40 % from the electricity to the HIB energy. In general, high-energy accelerators have been operated repetitively daily. The high driver efficiency relaxes the requirement for the fuel target gain. In HIF the target gain of 30∼50 allows us to construct a HIF fusion reactor system, and 1MkW of the electricity output would be realized with the repetition rate of ∼10∼15 Hz.
The HIB accelerator also has a high controllability to define the ion energy, the HIB pulse shape, the HIB pulse length and the HIB number density or current as well as the beam axis. The HIB axis could be also controlled or oscillated with a high frequency [11, 12, 13] . The controlled wobbling motion of the HIB axis is one of remarkable preferable points in HIF, and would contribute to smooth the HIBs illumination non-uniformity on a DT fuel target and to mitigate the Rayleigh-Taylor (R-T) instability growth in the HIF fuel target implosion [14, 15, 16] . In the OK3 code the HIBs wobbling capability is also installed to study the wobbling ion beam energy deposition.
The relatively large density gradient scale length is created in the HIBs energy deposition region in an DT fuel target, and it also contribute to reduce the R-T instability growth rate especially for shorter wavelength modes [17, 18] . So in the HIF target implosion longer wavelength modes should be focused for the target implosion uniformity.
In general the target implosion non-uniformity is introduced by a driver beams' illumination non-uniformity, an imperfect target sphericity, a nonuniform target density, a target alignment error in a fusion reactor, et al. The target implosion should be also robust against the implosion non-uniformities for the stable reactor operation.
In the HIBs energy deposition region in a DT fuel target a wide density valley appears, and in the density valley a part of the HIBs deposited energy is converted to the radiation and the radiation is confined in the density valley [19] . The converted and confined radiation energy is not negligible, and it would be the order of ∼100 kJ in a HIF reactor-size DT target. The confined radiation in the density valley contributes also to reduce the non-uniformity of the HIBs energy deposition.
The HIB uniform illumination was also studied, and the target implosion uniformity requirement requests the minimum HIB number: details HIBs energy deposition on a direct-drive DT fuel target shows that the minimum HIBs number would be the 32 beams [20] . The detail HIBs illumination on a HIF DT target is computed by a computer code of OK3 [21, 22, 23] . The HIBs illumination non-uniformity is also studied in detail. One of the study results shows that a target misalignment of ∼100µm is tolerable in fusion reactor to release the HIF energy stably.
The DT fuel implosion is simulated until just before the void closure time by the Lagrangian code, which couples with the OK3 code to include the time-dependent HIBs energy deposition profile in the target energy absorber layer. The Lagrange code data are converted to the data imported to the Euler code, which is robust against the target fuel and material deformation. The DT fuel ignition and burning are simulated further by the Euler fluid code. The O-SUKI code system simulates the 2D HIF target implosion dynamics, and would contribute to release the fusion energy stably and in a robust way for our human society.
O-SUKI code algorithm description

O-SUKI code structure
The O-SUKI code system is an integrated DT fuel implosion code in HIF, and consists of four parts: The HIBs illumination code of OK3 [23] , the Lagrangian fluid code [24] , the data conversion code from the Lagrangian code to the Euler code, and Euler code. The fluid model is the three-temperature model in Ref. [25] . The detail information on OK3 is presented in Refs. [21, 22, 23] . The Lagrangian fluid code, the data conversion code and the Euler code are described below in detail.
In the Lagrangian fluid code the spatial meshes move together with the fluid motion [24] . However the mass and energy conservations are well described, the Lagrange meshes can not follow the fluid large deformation. On the other hand, the Euler meshes are fixed to the space, and the fluid moves through the meshes. Therefore, just before the void closure time, that is, the stagnation phase, the Lagrangian code is used to simulate the DT fuel implosion. After the void closure time, the Euler code is employed to simulate the DT fuel further compression, ignition and burning. Between the Lagrangian code and the Euler code the data should be converted by the data conversion code.
All the simulation process is performed in its integrated way by using the script of "O-SUKIcode start.sh". The processes executed by this shell script are as follows. 1. Make the stack size infinite. 
Steps in
Included files
The coordinates in the Lagrangian fluid simulation code are as shown below (see Fig. 1 )The discretization method in Ref. [24] is employed in the Lagrangian fluid code.
The position vector R and the vectorR are introduced as follows.
The definition points of the discretized physical quantities in the Lagrange and Euler codes are presented in Figs. 2 and 3 , respectively. The subscripts k and l correspond to the positions in space, and the subscript n corresponds to time n × dt. The displacement amounts in the k and l directions are defined as follows. The file contains a procedure to transfer the data such as the target temperature and others to OK3. After the deposited energy distribution in OK3 is calculated, it is passed to the Lagrangian code. 6. InitMesh LC.cpp
The file initializes the Lagrangian coordinates and determines the number of the target layer. The number of the layers can be selected from 1 to 5 layers. The user must set the mesh number of each layer in this file.
InputOK3.h
The input data file contains the target parameters, the HIB parameters, target mesh parameters and also the reactor chamber parameters.
Insulation.cpp
The file contains a procedure to calculate the adiabat α with the following equations to evaluate the fuel preheating.
Here, p and ρ are the average pressure and mass density in the DT layer, respectively. p 0 and ρ 0 are the initial pressure and mass density in the DT layer, respectively. 9. Legendre.cpp
The procedure performs the mode analyses based on the Legendre function in order to find the implosion non-uniformity. The analysis results are also output in this procedure. The file is the main routine of OK3 and contains the following procedures [21, 22, 23] . Irradiation(): These procedures organizes a one-beam energy deposition process.
InitEdp1():
This procedure calculates one-beamlet kinetic energy for each bunch. E prt is the energy of one projectile ion, nE is a particle number parameter and nBunch is the particle number in one bunch. Focus(): As shown in the Fig. 4 , the position of the focal point must be determined. The procedure calculates the focal point distance f as below :
Here, R b is the beam radius on a tangential α-plane, R ch the reactor chamber radius, R p the outer radius of the pellet and R en the beam radius on the chamber entrance. Each beamlet deposits its energy in the target independently. kBunch(): This procedure calculates the energy deposition coefficients L ij and K ij for each fixed mesh cell. L ij is the total trace length from one-particle traversal plane of each fixed beamlet, d ij the effective particle diameter and K ij the number of traversal planes for the beamlet. PointC(): Two spherical coordinate systems are used in the procedure as in Fig. 5 , one linked to the reactor chamber center Chamber System (CS) and another linked to the pellet centerPellet System (P S). This procedure calculates the coordinates of the beam center on the pellet surface r C , θ C and φ C in P S. PointF(): This procedure calculates the coordinates of the focal point f : r f , θ f and φ f in P S. PointAlpha(): Each beamlet trajectory is fixed by two points in P Sthe crossing point with a tangential α-plane and the common focal point F (see Fig. 5 ). This procedure calculates the coordinates (r, θ, φ) to each α-point in P S. The beamlets coordinate schemes [21] .
As mentioned in Section 1, there is an irradiation scheme called the spiral axis-oscillating wobbling HIBs, and a HIB irradiates the target pellet as shown in the Fig. 6 . It is found that there is a smoothing effect for deposited energy deviation by rotating the beam axis. In OK 3, it is possible to calculate the HIBs energy deposition to the target pellet, when all beams wobble. The procedures related to the beam rotation are shown below. BeamCenterRot(): The procedure rotates the beam axis around the impinging direction of each beam. BeamletRot( ): The procedure rotates the beamlet axes that belong to each beam.
Rotation():
The procedure sets the coordinates of rotated beams and beamlets in the reactor chamber and pellet systems. 
PelletSurface.h
The file sets the initial target surface numerically.
RMS.cpp
The procedure in this file calculates the root-mean-square (RMS) deviation in target non uniformity.
ResultIMP.cpp
This file contains a procedure to calculate the implosion velocity.
SLC.cpp
This file contains a procedure that outputs the time history of each physical quantities obtained by cutting out one of the theta directions.
StoppingPower1.cpp
The file contains a function Stop1. This function serves a heart of the OK1 code [21] and describes the energy deposition model. It calculates the stopping power from the projectile ions into the solid target. The one-ion stopping power is considered to be a sum of the deposition energy in the target nuclei, the target bound and free electrons and the target ions [9] .
Acceleration.cpp
A procedure for calculating the target acceleration.
artv LC.cpp
This file contains a procedure calculate the artificial viscosity. When dealing with shock waves propagating in a compressive fluid at a supersonic speed in fluid dynamics simulations, it is impossible to employ sufficient number of multiple meshes to describe the real shock front structure, because its thickness is very thin. As a method, we introduce the following artificial viscosity devised by Von Neumann and Richtmyer [27] .
The two-dimensional artificial viscosity is written as follows [24] :
Here, q A and q B are artificial viscosities for the directions ofR l and R k , respectively. Equations (4) and (5) are discretized and written as follows:
,l+
Here,
coc LC.cpp
The file calculates the Lagrangian mesh dynamics. The Lagrangian meshes move together with the fluid motion. The new position coordinates for each mesh point are renewed at n + 1.
cotc define.h
Define variables for calculating the heat conduction. 23. cotc e.cpp, cotc r.cpp For calculation of the heat conduction, the following basic equation is used [28] .
κ e = 1.83 × 10 −10 T
5/2
e (log Λ)
Rosseland mean free path
Here, the basic equation is transformed as follows:
Equation (13) is discretized as follows:
,l+1 The following Lagrangian equation of motion is used [24] .
Equation (15) is expressed for each component as follows:
The above equations are converted to the Lagrangian differentiations, and the following equations are obtained.
Equation (18) is discretized as follows:
Equation (20) is written as follows with the weight functions ξ k,l , η k,l and the artificial viscosities of q A1 , q A3 , q B2 and q B4 .
Here each symbol in Eq. (21) is listed below:
dt LC.cpp
This procedure calculates and control the time step in order to satisfy the numerical stability condition. The time step ∆t in the calculation must satisfy the following conditions.
The time step for the Lagrangian method Dt 
Equation (28) is discretized as follows:
,l+ The input data for Lagrangian code contains the target layer thickness, the input beam pulse, the beam radius and so on. 31. jacobian LC.cpp
The area and volume per mesh are calculated in this file. Jacobian j for the coordinate transformation from (R, Z) to (k, l) is expressed by the following formula. j represents the area of the mesh.
The volume Jacobian is as follows.
From Eq. (33), the area Jacobian is expressed as follows: .
The discretization of volume Jacobian J is as follows:
δZ n k+1,l+ 
main LC.cpp
The main procedure of the Lagrangian fluid code.
outputRMS.cpp
It contains a procedure to output the results for the RMS non-uniformity.
output LC.cpp
The result data are stored by this procedure. The time interval of data output is 0.01 ns in the Lagrangian code. The user can adjust the output step in "input LC.h".
output to EulerCode.cpp
This file contains a procedure for outputting the data used in Euler code. The data is output, when the position of the innermost mesh is 1.5 mm or less from the coordinate center.
relax.cpp
The following equation is used as the basic equation for the temperature relaxation [25] .
Here, K ie is the energy exchange rate between the ions and the electrons, K re the energy exchange rate between the radiation and the electrons.
ω ie and ω re are the collision frequencies between the ions and the electrons and between the radiation and the electrons, respectively. They are obtained by the following formulae: The Compton effect between the radiation and the electrons is included.
e c e 
Here, u = h mu kT e , ξ = T e T i and h is Planck's constant, µ the collision frequency.
T * represents the temperature after calculation with the energy equation. Discretizing the energy exchange rates are written as follows with ξ ie = T i − T e and ξ re = T e − T r . The variables in the formulae are represented below. The shell is used, when users need to know the linked file name. 3. check quantities.cpp The function outputs the data of the transformed Euler mesh as a text file. 4. define convert.h Define the variables necessary for the conversion code. 5. DownConvert.cpp The procedure to compress four Eulerian meshes into one mesh. The process is the down-conversion program. Initially the computing spatial area in the R and Z directions is specified in "main convert.cpp". The minimum mesh size is determined in "GenerateEulerMesh.cpp". The minimum mesh size is equal to the minimum mesh size of the Lagrangian mesh size. The Euler mesh shape is a foursquare. It may be necessary to reduce the mesh number so that it does not exceed 300 which is the maximum allowable mesh k number in the Euler code in one coordinate direction. The physical quantity definition points are shown in the Fig.7 during the down-conversion process. To perform the down conversion, the mesh number must be an even number so that this process is executed multiple times. For example, the relation of the number (km) of meshes in the k direction before and after the down-convert is shown below as the number p of the down-convert processing.
km bef ore = 2 p km af ter + 2 (45)
The down conversion can be performed by p times in this case. As the down-conversion time increases, the calculation results will be affected.
In O-SUKI, the number of the down conversion is limited to 4 times. Therefore, the maximum allowable number of the Euler meshes before the conversion (km bef ore ) is about 4800. If km bef ore is larger than 4800, the down conversion limit number 4 should be set to a larger number in "define convert.h". 6. GenerateEulerMesh.cpp The procedure to determine the number of the Euler meshes and to secure the necessary memory, just before the down conversion. 7. GenerateEulerMesh numSearch.cpp The procedure to check the number of the Euler meshes based on the minimum mesh size obtained in "main convert.cpp". The procedure is similar to the procedure of "GenerateEulerMesh.cpp", but it is used during the selection of the data conversion dataset at a specific time. 8. Interpolation.cpp The function interpolates the data on the Lagrangian mesh to the meshes on the Euler mesh. Figure 8 shows the interpolation method from the Lagrange data to the Euler data. The "MeshSearch.cpp" provides the relation between the Lagrangian mesh location and the Euler mesh location. The following interpolation equation is used to obtain each physical quantity on the Euler meshes. Here x shows an arbitrary physical quantity.
9. main convert.cpp This is the main procedure of the conversion code. This procedure selects the output Lagrangian data transferred to the Euler code among the Lagrangian data sets obtained in the Lagrangian code. The Lagrangian meshes are deformed along with the fluid motion. The Lagrangian code stops before no mesh is crushed. The data selection process is as follows:
1. From the Lagrangian data at a specific time, the square area covered by the position of the maximum ion temperature and the origin is selected, and is simulated in the Euler code. The minimum mesh size is detected from the Lagrangian data. The uniform Euler mesh size is set to the minimum mesh size in the Lagrangian data. The Euler total mesh number required is determined to cover the selected area. 2. The procedure selects the Lagrangian data, which needs the smallest number of the total Euler mesh among the data sets for the final 1.5 ns in the Lagrangian code. If the total mesh number km in the k direction exceeds 300, the data down conversion takes place to reduce km, which should be less than 300 in the O-SUKI code.
3. The default maximum down conversion number is limited to 4. In this prescription, the maximum Euler mesh number is 4800 in the k direction. If the selected data from the Lagrangian data set has the meshes more than 4800, first the square area selected in the Step 1 is reduced to fulfill the mesh number requirement of 4800. The area reduction is performed by reducing the size in the k direction by 0.01 mm. The reduction procedure is repeated until the total mesh number becomes less than 4800 in the k direction.
4. If the total number of the Euler meshes exceeds 4800, the limit number of down conversion, which is specified in "define convert.h", should be set to a larger number manually. However, many down conversion operations do not guarantee the numerical accuracy.
10. MeshSearch.cpp This procedure examines the location of each Euler mesh among the Lagrangian meshes. In Fig. 8 , P represents the coordinate vector of a specific Euler mesh and R represents the coordinate vector of the Lagrangian mesh. The V 1 , V 2 , V 3 , V 1 P , V 2 P and V 3 P in Fig. 8 are indicated by the vectors of the Lagrangian meshes and the Euler mesh as follows:
If the cross product of each side vector of the triangle and the point P satisfies the following condition, the point P exists inside the triangle.
11. output.cpp In this procedure the converted data is output. 12. read variable.cpp This procedure reads the file data output by the Lagrange code, after the Lagrangian data set selection. 13. read variable numSearch.cpp This procedure reads the data by the Lagrangian code during the Lagrangian data set selection in the procedure of the "main convert.cpp".
Eulerian code 1. BoundaryTracking.cpp
It is a function to track the material boundary lines. Each boundary point is specified by the coordinates of the two variables: BoundaryM esh k and BoundaryM esh l. The function interpolates the velocities u and v at the coordinates by the area interpolation, and tracks the positions of each boundary point. In Fig. 9 dotted lines represent the material boundaries. When the boundary point exists at the position shown in Fig. 10 , the boundary point velocity (u b , v b ) is calculated by the area interpolation method and can be obtained by the following equations: 
GenerateMatrix.cpp
The mesh total numbers of (km, lm) are loaded from the converted data in GenerateMatrix(). all the variables required in the Euler code are defined based on the number (km, lm).
Legendre.cpp
The procedure performs the mode analyses based on the Legendre function in order to find the implosion non-uniformity. The analysis results are also output in this procedure.
MS TDMA.cpp
It is a function to solve matrix by TDMA (TriDiagonal-Matrix Algorithm).
MaterialDiscrimination.cpp
It is a function to discriminate each material by the material boundary lines. 6. PaintMaterial.cpp
The material is specified between the two material boundary lines in the procedure.
RMFP ECSH.cpp
It is a procedure to calculate the Rosseland mean free path (see Ref.
[26]).
ScanLine.cpp
It is a procedure that specifies the material on each Euler mesh.
artv ECSH.cpp
This file contains a procedure to calculate the artificial viscosity. The two-dimensional artificial viscosity is written as follows:
Here, the discretized artificial viscosity is shown below:
10. define ECSH.h It contains the constant values, the normalization factors and the procedure declarations required. 11. dif ECSH.cpp
The following equations of motion are used.
Equations (54) are discretized as follows: 
eod ECSH.cpp
The following continuity equation is used.
Equation (56) 
Here, < 0 .
eoenergy ECSH
The following basic energy equations are used.
The discretized energy equation for the ion temperature, for example, becomes as follows: 
Here, 
D decreases due to the DD and DT reactions from the expression (60).
The number density n D change is given bellow.
The discretized form for n D is written as:
The n T is expressed as follows.
The discretized equation for n T is written as:
,l+ 
Considering the diffusion term of α particles and the term of α particle absorption, n α is described as follows.
The discretized α particle reaction is written as:
= n α n k+ .
The analysis curves corresponding to the reaction rates of the D-D reaction and the D-T reaction are shown below.
For 50% of the D-D reactions in the Eq. (67), the coefficients x n (n = 1 ∼ 5) are bellow. The diffusion equations for the r and z directions are expressed as follows:
7. SLC t r.sh This shell file outputs the images of the r − t diagrams representing the time history of the Lagrangian meshes at θ =15, 45, 75, 105, 135 and 165 degrees. To execute this shell file, users need to specify the boundary mesh number of each material in the Lagrangian code.
Visualization for the Euler code data
All visualized data files are stored in the "pic Eu" directory. This shell file plots the history of the fusion energy gain.
Instructions for the user
Before running the O-SUKI code, the user must set the target pellet and HIB parameters accordingly as follows. The user can specify the HIB radii on the target surface changing the parameter tdbrc in "input LC.h". The design of the beam input pulse is also done in the same file. The pulse rise start time, rise time, and beam power are set by variables t beamj, del t beamj, and P owerj(j = 1 ∼ 5), respectively. The user should input the total input beam energy into input energy in the "define ECSH.h" manually. As the parameter value of the wobbling beam, the maximum radius of the beam axis trajectory in the rotation and the oscillating frequency should be specified. The user can set the desirable values for the maximum beam trajectory radius rRot in the "InputOK3.h" and the rotational number rotationnumber in the "input LC.h". The user can specify the chamber radius changing the parameter Rch. The parameter dz fix the pellet displacement from the reactor chamber center in the Cartesian PS coordinates. In OK3 the target alignment errors of dx, dy and dz can be specified. However, in the Lagrangian and Euler fluid codes dx and dy are set to be zero in this version of the O-SUKI code. (e)The target pellet structure and mesh number: The parameter values of initial target can be set with "input LC.h" and "init LC.h". O-SUKI includes an example DT-Al-Pb structure target defined by target layer thickness parameters Rin, Rbc1, Rbc2 and Rout. The user can add other target matters expanding the arrays aZt0, aZtm, aAt, aU i, aro and SC in "InputOK3.h". If you want to employ a new substance for target structure, The user also need to add solid density and mass per atom in "CONSTANT.h". The user can adjust the Lagrangian radial mesh number for each layer by changing the value M W C in "Input LC.h". When M W C = 0, the radial mesh width (dR1 = dR2 = · · · ) in all layers becomes equal, and when the MWC is large, the radial mesh number for each layer (num k1 = num k2 = · · · ) becomes close to the same number.
The user can run "O-SUKIcode start.sh" to start running O-SUKI code simulation. When the shell script is executed, Lagrangian fluid code, data conversion code and Eulerian fluid code are sequentially activated. The results of the Lagrangian simulation are saved in the output directory, and the results of the Eulerian simulation are saved in output euler.
Testing the program O-SUKI
The tests shown below present two cases of the target fuel implosion dynamics with the spiral wobbling or without the oscillating HIBs. In the two cases, the HIBs and the target fuel have the following common parameters: the beam radius at the entrance of a reactor chamber R en = 35 mm, the beam particle density distribution is in the Gaussian profile and all projectile Pb ions have 8 GeV. The target is a multilayered pellet, in which the pellet outer radius is 4 mm, a Pb layer thickness is 0.029 mm, the Al thickness is 0.460 mm, and the DT thickness is 0.083 mm; the Pb, Al and DT layers have the radial mesh numbers of 4, 46 and 30 in these example cases, respectively, and the total mesh number in the theta direction is 90. The input beam pulse is shown in Fig. 11 .
In both the cases, the beam radius is 3.8mm on the target surface. However, R b = 3.8mm changes at τ wb to 3.7mm for the wobbling beam irradiationHere τ wb is the rotational period of the beam axis. The rotational frequency is 424MHz (rotaionnumber = 11).
We show the r − t diagram for the no-wobbling HIBs implosion in Fig.  12 . The Lagrangian test results for the target ion temperature (T i ) and the mass density (ρ) distribution at t = 29 ns stored in the output directory are visualized in Figs. 13 and 14 for the cases (a) with and (b) without the wobbling HIBs, respectively. Table 1 shows a part of the output data in this example case. The Eulerian test results for the fusion energy gain is shown in Fig. 15 . 
Conclusions
We have developed and presented the O-SUKI code, which is useful to simulate 2D spherical DT fuel target implosion in HIF. The O-SUKI code consists of the HIB illumination code, the Lagrangian fluid code, the data conversion from the Lagrangian code data to the Euler code data, and the Euler code. Near the void closure phase of the DT fuel implosion, the DT fuel spatial deformation is serious. At the stagnation phase the DT fuel is compressed to about a thousand times of the solid density. Therefore, The Euler code is appropriate after the void closure phase, however the Lagrangian code is effective before the void closure time. In addition, data visualization script programs are also provided. The O-SUKI code would provide a useful tool for the integrated DT fuel target implosion simulation in HIF.
